Ezrin and E-cadherin have been known to play a role in tumor metastasis. However, the association between the expression of ezrin and E-cadherin in breast cancer patients remains unclear. In the present study, we investigated the expression of ezrin and E-cadherin in 275 breast cancer and 80 control patients with benign hyperplasia, using tissue microarray-based immunohistochemistry (IHC). Ezrin expression was higher, while that of E-cadherin was lower in breast cancer than in control samples. Ezrin expression was negatively correlated with E-cadherin expression in a subpopulation of breast cancer patients with a high expression of ezrin [ezrin(high)] and a low expression of E-cadherin [E-cad(low)]. The cytoplasmic expression of E-cadherin [E-cad(c)] occurred significantly more frequently in ezrin(high) breast cancer than in ezrin(low) breast cancer. The expression level of ezrin was significantly higher in breast cancer with E-cad(c) than that with a membrane expression of E-cadherin [E-cad(m)]. Ezrin(high) or E-cad(low) expression was more associated with lymph node metastasis, and shorter overall survival (OS) and disease-free survival (DFS) in breast cancer patients. E-cad(c) was more associated with lymph node metastasis and shorter OS and DFS compared with E-cad(m). The combined expression of ezrin(high) and E-cad(low) or ezrin(high) and ezrin(c) was more associated with lymph node metastasis and poor prognosis. In addition, the multivariate Cox regression analysis revealed that lymph node metastasis and ezrin(high) expression were independent prognostic factors for shorter OS and DFS in breast cancer patients. The results of the present study suggested that ezrin promotes breast cancer metastasis via the regulation of E-cadherin expression.
Introduction
Breast cancer is the most common malignant disease in women, and is one of the leading causes of cancer-related mortality worldwide. Although it is not the primary tumor, its distant metastasis is the main cause of breast cancer-related mortality (1) . It is estimated that ~20-30% of breast cancer patients develop metastasis (2) . Chemotherapy with taxanes or combination therapy with trastuzumab has been reported to improve the survival rate in patients with metastatic breast cancer (2) . Therefore, identification of prognostic markers of metastasis risk can identify breast cancer patients with a high risk for developing metastasis, and thus can help to improve, the clinical management of these patients.
Tumor metastasis involves multiple processes such as cell invasion into the basal membrane, spread into the lymph node or blood vessel and growth in distant tissues. At each process, tumor cells undergo morphological changes that require dynamic modeling of the actin cytoskeleton (3) . Ezrin, belonging to the ezrin, radixin and moesin protein family, acts as a connector between the actin cytoskeleton and plasma membrane, and regulates cell-cell and cell-matrix adhesion (4) . Evidence has shown that ezrin plays an important role in tumor cell invasion and metastasis (5) (6) (7) . It has been reported that ezrin overexpression is associated with metastasis in numerous malignant tumors such as osteosarcoma, pancreatic cancer, hepatocellular and tongue squamous cell carcinoma, and non-small-cell lung cancer (8) (9) (10) (11) . Ezrin overexpression has been found to be associated with lymph node metastasis in breast cancer patients (12, 13) . The role of ezrin in breast cancer cell metastasis is also supported by several studies showing that ezrin overexpression promotes lung metastasis and ezrin silencing reverses breast cancer cell metastasis (14, 15) .
Combined expression of ezrin and E-cadherin is associated with lymph node metastasis and poor prognosis in breast cancer
However, the mechanisms by which ezrin triggers breast cancer cell metastasis remain poorly understood. Epithelial-mesenchymal transition (EMT), a process in which an immobile epithelial cell changes into a mobile mesenchymal cell, has been known to play an important role in cancer cell metastasis (16) . Loss of E-cadherin (E-cad), a hallmark of EMT, has been found in tumors such as oral squamous cell carcinoma, ovarian cancer, colorectal and hepatocellular carcinoma, and breast cancer, and is associated with tumor cell invasion and metastasis (17) (18) (19) (20) (21) (22) (23) . It has been reported that knockdown of ezrin increases the expression of E-cad in breast cancer and tongue squamous cell carcinoma cell lines (11, 15) . In addition, ezrin has been reported to be required for TGF-β1-induced EMT in lung cancer cells (24) . However, the association between the expression of ezrin and E-cad in breast cancer patients remains unclear.
In the present study, we investigated the expression of ezrin and E-cad in 275 breast cancer and 80 control patients with benign hyperplasia. The purpose of the present study was to analyze the association between the expression of ezrin and E-cad in breast cancer patients, and to examine the correlation of their expression with clinicopathological characteristics and prognosis of breast cancer patients.
Materials and methods
Patients and tissue samples. The Medical Ethics Committee of the China Medical university approved the present study. Due to the retrospective nature of the study, the Ethics Committee waived the need for written informed consent by the patients.
Human breast tissues were obtained from 275 female patients with breast cancer and 80 control patients with benign hyperplasia of mammary glands, who underwent surgery at the First Affiliated Hospital of China Medical University between 2004 and 2008. The average age of patients with breast cancer was 50.9±9.6 years (range, 29-79 years). The diagnosis of breast cancer and benign hyperplasia was confirmed by pathological staining. Of the 275 breast cancer patients, 219 patients had invasive ductal carcinoma, 30 patients had invasive lobular carcinoma and 26 patients had other types of tumors including mucinous, medullary and cribriform carcinoma. The stage of the cancer was evaluated in 198 patients according to the TNM staging system as follows: stage I (n=46), stage II (n=122) and stage III (n=30). The histological grading of the cancer was performed in 265 patients according to the World Health Organization grading system as follows: grade I (n=136) and grade II-III (n=129). Clinicopathological data including patient age, menopausal status, tumor size and lymph node metastasis were retrospectively retrieved from medical records. The patients did not undergo radiation therapy and chemotherapy prior to surgery.
Eighty patients with benign hyperplasia of mammary glands were used as controls. The average age of patients with benign hyperplasia of mammary glands was 50.2±10.2 years (range, 23-72 years).
Tissue microarray (TMA) and immunohistochemistry (IHC).
Paraffin blocks (donor blocks) containing representative tumor and hyperplasia samples were selected by reviewing the hematoxylin and eosin-stained slides. Tissue cores with a diameter of 1.5 mm were extracted from each donor block, and precisely arrayed into a new paraffin recipient block with a maximum of 200 cores, using the Organization Microarrayer (Pathology Devices, Westminster, MD, uSA). Sections (4-µm) were obtained from formalin-fixed and paraffin-embedded TMA blocks, mounted on poly-L-lysine-coated glass slides and used for IHC.
The sections were deparaffinized with xylene, rehydrated in a graded alcohol series and heated in a microwave oven to retrieve antigen. Endogenous peroxidase activity was blocked with 3% H 2 O 2 at 37˚C for 20 min. The sections were incubated with primary antibodies against ezrin (ab4069, mouse anti-human monoclonal antibodies; 1:100 dilution) and E-cadherin (ab1416, mouse anti-human monoclonal antibodies; 1:100 dilution) (both from Abcam Plc, Cambridge, UK) overnight at 4˚C. After the primary antibodies were washed off, the sections were incubated with biotinylated secondary antibody for 30 min at 37˚C. The sections were then incubated with streptavidin horseradish peroxidase for an additional 30 min (LSAB kit; Dako, Glostrup, Denmark), and stained with 3,3'-diaminobenzidine (DAB). The sections were counterstained with hematoxylin, dehydrated and mounted. Any sections in which primary antibodies were omitted were used as negative controls.
Evaluation of IHC.
Immunostaining was examined under a light microscope by two pathologists who were blinded to the experimental conditions. The intensity of immunoreactivity was scored as follows: 0, for no staining; 1, for weak staining; 2, for moderate staining; and 3, for strong staining. The percentage of stained cells was scored as 0-100%. The final immunoreactive score was determined by multiplying the intensity score with the percentage of positively stained cells. The minimum score was 0 and the maximum score was 300%. Scores were assigned using 5% increments (0, 5, 10, ….300%), as previously reported (25, 26) . The scores for each sample were used to determine the cut-off value for discriminating tumors with a high expression of ezrin or E-cadherin from tumors with a low expression, using receiver operating characteristic (ROC) curves. To discriminate tumors with the cytoplasmic expression of E-cad from tumors with the membrane expression of E-cad, the percentage of E-cad membrane expression for each sample was used to determine the cut-off value, using ROC curves. The percentage of E-cad membrane expression was calculated as follows: E-cad membrane expression % = the number of cells with membrane expression/(the number of cells with membrane expression + the number of cells with cytoplasmic expression) x 100%. The sensitivity and specificity for the survival status (alive or dead) of breast cancer patients was plotted to generate ROC curves.
Statistical analysis. Data are presented as mean ± SD. Statistical analyses were performed using SPSS 11.5 (Chicago, IL, uSA). For data with normal distribution, the Student's t-test was used to compare the difference in the means between groups. For data with unequal variance, the Wilcoxon rank-sum or Kruskal-Wallis tests were used to compare the difference. The Pearson's Chi-square or Fisher's exact probability tests were used to evaluate the association between the expression of ezrin and E-cad and clinicopathological characteristics of breast cancer patients. The Spearman's and Pearson's rank correlation analyses were applied to assess the association between the expression of ezrin and E-cad. Survival probabilities were estimated by the Kaplan-Meier method and assessed by a log-rank test. The univariate and multivariate Cox proportional hazards regression models were used to assess the association between potential confounding variables and prognosis (OS or DFS). The OS was calculated as the time between the first day of diagnosis and disease-related death or last known follow-up. The DFS was calculated as the time between the first day of diagnosis and the occurrence of local recurrence or distant metastasis. Probability values ≤0.05 were considered to indicate a statistically significant result. Follow-up information was available for 169 breast cancer patients. During the follow-up period of 9-118 months, relapses occurred in 62 cases and cancer-associated deaths were found in 48 cases. The 5-year survival rate was 84.6%. The mean OS and DFS were 98.5 and 91.3 months, respectively.
Results

Chinicopathological characteristics of patients with breast cancer.
Expression of ezrin and E-cad in breast cancer.
The expression of ezrin and E-cad was examined in 275 samples from breast cancer patients and 80 control samples from patients with benign hyperplasia, using IHC ( Table I . Clinicopathological characteristics of breast cancer patients. We also performed the ROC analysis to determine an optimal cut-off score for discriminating the membrane expression from the cytoplasmic expression of E-cad in breast cancer with an E-cad(high) expression. Based on the survival status, a cut-off score of 67.5% was selected (Fig. 2c) . Tumors with membrane expression of ≥67.5 and <67.5% were defined as tumors with E-cad membrane [E-cad(m)] and E-cad cytoplasmic [E-cad(c)] expression, respectively. Of the 144 E-cad(high) breast cancer, 85 (59.0%) tumors had E-cad(m) expression and 59 (41.0%) tumors had E-cad(c) expression.
Association between the expression of ezrin and E-cad in breast cancer. We investigated the association between the expression of ezrin and E-cad in breast cancer, using Spearman's rank correlation analysis. There was no significant correlation between the expression of ezrin and E-cad in breast cancer patients (n=275). We also investigated the association between the expression of ezrin and E-cad in subgroups of breast cancer with different expression levels of ezrin and E-cad. The Pearson's correlation analysis showed a negative correlation between the expression of ezrin and E-cad in breast cancer with an ezrin(high) and E-cad(low) expression (r=-0.286, p=0.023, Table II) .
We then examined the subcellular expression levels of E-cad in breast cancer with E-cad(high). In breast cancer with ezrin(low) expression, E-cad(m) expression was observed in 56 (67.5%) of 83 cases and E-cad(c) expression was found in 27 (32.5%) of 83 cases. In breast cancer with ezrin(high) expression, E-cad(m) expression was observed in 29 (47.5%) of 61 cases, and E-cad(c) expression was found in 32 (52.5%) of 61 cases. E-cad(c) expression occurred significantly more Table II . Correlation between the expression of ezrin and E-cadherin in breast cancer. frequently in ezrin(high) breast cancer than in ezrin(low) breast cancer (Chi-square, p=0.016, Fig. 3a ). Furthermore, the expression level of ezrin was significantly higher in E-cad(c) breast cancer than in E-cad(m) breast cancer (p=0.029, Fig. 3b) .
Association of the expression of ezrin and E-cad with clinico pathological characteristics of breast cancer patients.
We investigated the association between the expression of ezrin and E-cad and the clinicopathological characteristics of breast cancer patients (Table III) . The age, tumor size and TNM stage were not significantly associated with the expression of ezrin. Ezrin(high) expression was more associated with postmenopausal status (p=0.022), histological grade II-III (p=0.001) and lymph node metastasis (p=0.002). The age, menopausal status, tumor size, tumor type and histological grade were not significantly associated with the expression of E-cad. E-cad(low) expression was more associated with TNM stage II (p=0.007) and lymph node metastasis (p<0.001). Furthermore, E-cad(c) expression was more associated with lymph node metastasis (p=0.047).
Since ezrin(high), E-cad(low) and E-cad(c) expression was associated with lymph node metastasis, we further investigated the association of their combined expression with lymph node metastasis (Table IV) . Compared with tumors with ezrin(low) and E-cad(high) expression, ezrin(low) and E-cad(low) expression or ezrin(high) and E-cad(high) expression, tumors with ezrin(high) and E-cad(low) expression were more associated with lymph node metastasis (p<0.05, Table IV) . Compared with tumors with ezrin(low) and E-cad(high) expression, tumors with ezrin(low) and E-cad(low) expression or ezrin(high) and E-cad(high) expression was more associated with lymph node metastasis (p<0.05, Table IV ). In addition, compared with tumors with ezrin(low) and E-cad(m) expression, tumors with ezrin(low) and E-cad(c) expression, ezrin(high) and E-cad(m) expression or ezrin(high) and E-cad(c) expression were more associated with lymph node metastasis (Table IV) . Table III . Association of ezrin and E-cadherin expression with clinicopathological features of breast cancer.
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Association of the expression of ezrin and E-cad with the survival of breast cancer patients.
We evaluated the association of the expression level of ezrin and E-cad with the OS or DFS in breast cancer patients, using the Kaplan-Meier analysis and log-rank test. Ezrin(high) expression was associated with shorter OS (p=0.002, Fig. 4a ) and DFS (p=0.010, Fig. 4b ). E-cad(low) expression was associated with shorter OS (p<0.001, Fig. 4c ) and DFS (p<0.001, Fig. 4d ). In addition, E-cad(c) expression was associated with a significantly shorter OS (p=0.030, Fig. 4e) . Although E-cad(c) expression exhibited a tendency towards a shorter DFS, no statistically significant difference was found (p=0.137, Fig. 4f) .
We also examined the association of the combined expression of ezrin and E-cad with the OS or DFS in breast cancer patients. Compared with tumors with ezrin(low) and E-cad(high) expression, tumors with ezrin(low) and E-cad(low) expression, ezrin(high) and E-cad(high) expression, and ezrin(high) and E-cad(low) expression were associated with shorter OS and DFS in breast cancer patients (Fig. 5a and b) . Compared with ezrin(low) and E-cad(low) expression and ezrin(high) and E-cad(high) expression, ezrin(high) and E-cad(low) expression was associated with shorter OS and DFS in breast cancer patients (Fig. 5a and b) . In addition, compared with tumors with ezrin(low) and E-cad(m) expression, tumors with ezrin(low) and E-cad(c) expression, ezrin(high) and E-cad(m) expression, and ezrin(high) and E-cad(c) expression were associated with shorter OS and DFS in breast cancer patients ( Fig. 5c and d) .
A univariate Cox regression model was used to estimate the impact of each clinicopathological variable on the OS and DFS in breast cancer patients (Table V) . The univariate analysis identified that the menopausal status, tumor size, histological and TNM stages and lymph node metastasis were significantly associated with the OS and DFS of breast Table IV . Association of combination of ezrin and E-cadherin with lymph-node metastasis of breast cancer.
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No (%) Yes (%) P cancer patients (Table V) . In addition, ezrin(high) expression was significantly associated with shorter OS and DFS of breast cancer patients. E-cad(c) expression was significantly associated with shorter OS of breast cancer patients (Table V) . Table V . univariate Cox regression analysis of the association between clinicopathological data and overall survival (OS) and disease-free survival (DFS) in breast cancer patients. Furthermore, multivariate Cox regression analysis found that lymph node metastasis was an independent prognostic factor for shorter OS and DFS in breast cancer patients (p<0.05, Table VI ). Ezrin(high) expression was an independent prognostic factor for shorter OS in breast cancer patients (p<0.05, Table VI ).
Discussion
In the present study, we examined the expression of ezrin and E-cad in 275 breast cancer and 80 control patients with benign hyperplasia. We found that the expression of ezrin was increased in breast cancer samples compared with the control samples. Our finding that ezrin was overexpressed in breast cancer is consistent with findings of previous studies showing ezrin overexpression in tumors including breast cancer (12, 13) . In addition, we found that ezrin was mainly expressed in the cytoplasm of breast cancer cells. Consistent with this finding, several studies have shown that ezrin is mainly expressed in the cytoplasm of cells from breast cancer patients (12, 27) . By contrast, we found that E-cad expression was decreased in breast cancer samples compared with the control samples, and E-cad was expressed in the membrane and cytoplasm of cells from breast cancer patients. Our findings agree with those of a previous study showing that E-cad is downregulated in breast cancer and is associated with breast cancer metastasis (23) . However, it is unclear whether E-cad downregulation is associated with ezrin overexpression in breast cancer. In the present study, we found that the expression of ezrin was negatively correlated with the expression of E-cad in a subpopulation of breast cancer with ezrin(high) and E-cad(low) expression, suggesting that ezrin contributes to the downregulation of E-cad in this population of breast cancer. This finding was supported by a previous report showing that ezrin knockdown upregulates the expression of E-cad in breast cancer cell lines (15) . In addition, the results showed that in breast cancer with E-cad(high) expression, E-cad(c) expression occurred significantly more frequently in ezrin(high) breast cancer than in ezrin(low) breast cancer, and the expression level of ezrin was significantly higher in E-cad(c) breast cancer than in E-cad(m). These findings suggest that ezrin promotes the translocation of E-cad from the membrane to the cytoplasm in breast cancer. This idea was supported by a previous report showing that the active form of ezrin T567D increased the accumulation of E-cad in the cytoplasm accompanied with a decrease in the membrane expression of E-cad (28) . Taken together, result of the present study suggest that ezrin regulates the expression of E-cad in breast cancer.
In the present study, we examined the association of the expression of ezrin with the clinicopathological characteristics of breast cancer patients. We found that ezrin(high) expression was associated with lymph node metastasis in breast cancer patients. Consistent with our finding, several studies have shown that ezrin overexpression is associated with lymph-node metastasis in breast cancer (12, 13) . These findings suggest that ezrin overexpression promotes breast cancer metastasis. The role of ezrin overexpression in breast cancer metastasis is also supported by studies showing that the overexpression of ezrin promotes breast cancer cell metastasis and the knockdown of ezrin by siRNA reverses the metastatic behavior of breast cancer cells (14, 15) . Furthermore, in the present study, we found that ezrin(high) expression was associated with shorter OS and DFS in breast cancer patients. The multivariate cox regression analysis revealed that ezrin(high) expression was an independent prognostic factor for shorter OS and DFS in breast cancer patients. Consistent with our findings, Gschwantler-Kaulich et al reported that an increased ezrin expression was an independent predictor of invasive breast cancer (12) .
In the present study, we also found that E-cad(low) expression was associated with lymph-node metastasis in breast cancer patients, consistent with previous studies showing that the downregulation of E-cad is associated with the invasiveness and metastasis of breast cancer (23, 29, 30) . E-cad(low) expression was associated with shorter OS and DFS in breast cancer patients, suggesting that a reduced expression of E-cad is associated with greater invasiveness and tumor malignancy. Similarly, several findings have shown that reduced or loss of E-cad expression is associated with shorter OS and DFS in breast cancer patients (22, 29, 31) . In addition, E-cad(c) expression was more associated with lymph-node metastasis compared with E-cad(m) expression in the present study, suggesting that the cytoplasmic expression of E-cad is important for breast cancer metastasis. Kowalski et al reported that E-cad was only accumulated in the cytoplasm of invasive lobular carcinoma that developed distant metastases (32) . The role of the cytoplasmic expression of E-cad in tumor metastasis is also supported by studies showing that cytoplasmic E-cad expression is associated with the cell invasiveness of lung cancer (33) and breast cancer (34) cell lines. Furthermore, we found that E-cad(c) expression was associated with shorter OS in breast cancer patients, further confirming that the cytoplasmic expression of E-cad is associated with breast cancer malignancy.
We investigated the association between the combined expression of ezrin and E-cad and lymph node metastasis in breast cancer patients. We found that ezrin(high) and E-cad(low) expression was more associated with lymph node metastasis compared with other combined expressions of ezrin and E-cad. Since we found that ezrin expression was negatively correlated with the expression of E-cad in breast cancer with ezrin(high) and E-cad(low) expression, ezrin promotes tumor metastasis via the downregulation of E-cad. This idea is supported by a previous finding that ezrin silencing increased the expression of E-cad, and reversed the metastatic behavior of human breast cancer cells (15) . Furthermore, we found that ezrin(high) and E-cad(low) expression was associated with shorter OS and DFS in breast cancer patients, suggesting that ezrin and E-cad may cooperatively regulate tumor metastasis, and thus lead to a poor outcome of breast cancer patients. In addition, we found that ezrin(high) and E-cad(c) expression were more associated with lymph node metastasis and shorter OS and DFS in breast cancer patients. It has been reported that ezrin promotes the translocation of E-cad from the membrane to the cytoplasm via activation of the GTPas Rac1 (28) . It is possible that ezrin regulates the translocation of E-cad in a similar manner, thus promoting the invasion and metastasis of breast cancer.
In summary, we examined the expression of ezrin and E-cad in breast cancer, and analyzed the correlation of ezrin and E-cad expression alone and in combination with the clinicopathological characteristics and prognosis of breast cancer patients. We found that ezrin(high), E-cad(low) or E-cad(c) expression was associated with lymph node metastasis and poor prognosis in breast cancer patients. A combined expression of ezrin(high) and E-cad(low) or ezrin(high) and E-cad(c) was more associated with lymph node metastasis and poor prognosis. The present study therefore suggests that ezrin promotes breast cancer metastasis via the regulation of E-cad expression.
